IMPORTANCE Pigmented facial macules on photodamaged skin are a clinical, dermoscopic, and histopathologic challenge.
P igmented facial macules (PFMs) are commonly evaluated in clinical practice, especially in elderly patients with sun-damaged skin. In this clinical setting, one must distinguish benign PFMs from lentigo maligna (LM) or lentigo maligna melanoma (LMM). Dermoscopy has provided some help in this scenario. [1] [2] [3] [4] [5] However, some of these lesions exhibit overlapping features, 4 and classical dermoscopic LM criteria may not be useful to detect early facial melanomas. Reflectance confocal microscopy (RCM) has further improved diagnosis of these lesions. Multiple studies have demonstrated its accuracy in skin cancer diagnosis with algorithms applicable in clinical practice. [6] [7] [8] Reproducibility and correlation with histopathology have also been established. 7, [9] [10] [11] Reflectance confocal microscopy is also useful in the distinction between LM and benign PFMs, 8, 12, 13 LM surveillance, 5, 14 presurgical mapping of LM, 15 and posttreatment follow-up. Histopathologic diagnosis of PFMs on sun-damaged skin is also difficult owing to the presence of atypical melanocytic proliferations both in normal-looking sun-exposed skin and in benign PFMs. Immunohistochemical stains are often useful to render a correct diagnosis. The most frequently used markers are melan-A and human melanoma black-45 (HMB-45). Both markers are cytoplasmic and may overestimate the number of melanocytes, which are often hyperplastic in sun-damaged skin. 16 New markers, such as microphthalmia-associated transcription factor (MITF) and sex-determining region Y (SRY)-related high mobility group (HMG)-box gene 10 (SOX10) (nuclear markers), are more useful in these cases.
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Methods
Clinical and dermoscopically ambiguous PFMs from patients attending a referral pigmented lesion unit of dermatology at a tertiary university hospital were included prospectively between January 1, 2009, and December 31, 2015. Ambiguous PFMs exhibited at least 1 criterion for LM (asymmetric pigmented follicular openings, annular-granular pattern, pigmented rhomboidal structures, homogeneous areas [obliterated hair follicles], increased density of vascular network, targetlike patterns, darkening at dermatoscopic examination, and red rhomboidal structures), but not enough features to ensure the diagnosis, or, in the absence of LM criteria, they did not present clear-cut criteria for benignity. All patients gave written informed consent to be included in the study, which was approved by the ethics committee of the Hospital del Mar-Parc de Salut Mar, Barcelona, Spain. There was no financial compensation. Lesions included in the study were primary lesions or possible recurrent, previously treated lesions after cryotherapy, radiotherapy, or surgery. We selected 12 patients from our series to study nonlesional, photodamaged skin areas on the contralateral site to the lesion included as controls.
Clinical and dermoscopic images of all lesions were obtained using a camera (PowerShot G10; Canon) attached to a contact polarized light dermoscopy device (DermLite FOTO; 3Gen). All lesions were evaluated for the presence of LM dermoscopic features by 3 investigators (I.G.-M., S.M., and S.S.) according to Stolz criteria, 1 as well as criteria more recently described. 3, 5 Reflectance confocal microscopy examination was performed in all lesions (VivaScope 1500; Caliber I.D.). Sequential images were recorded in horizontal 4 × 4-to 8 × 8-mm mosaics (VivaBlock; Caliber I.D.) at 3 levels of the skin (epidermis, dermal-epidermal junction [DEJ] , and dermis) and vertical sequential images (VivaStack; Caliber I.D.) in the more representative areas of the lesion. The RCM images were later evaluated by 2 investigators (I.G.-M. and S.S.) blinded to dermoscopic images and histopathologic diagnosis, using the Guitera algorithm. 8 The Guitera algorithm calculates an LM score based on 6 criteria. Two major criteria (nonedged dermal papilla and round large pagetoid cells) are scored +2 points each and 3 minor criteria (nucleated cells in dermal papilla, ≥3 atypical cells at the dermal-epidermal junction [DEJ] , and follicular localization of atypical cells) are scored +1 point each. There is also 1 negative (benign) criterion (broadened honeycomb pattern of the epidermis) that receives a score of −1 point. An LM score of 2 or higher is suspicious of at least melanoma in situ. One or more 4-mm punch biopsies were obtained from all lesions at the most suspicious areas after clinical, dermoscopic, and RCM evaluation. Histopathologic features were systematically evaluated by 4 investigators: a pathologist (C.B.) and 3 dermatopathologists (I.G.-M., R.M.P., and S.S.). The diagnosis of LM or LMM was considered in the presence of uniform atypia and continuous proliferation of melanocytes along the DEJ and down adnexal structures. 19 All histopathologic evaluators were blinded to the clinical information and, when present, previous histopathologic diagnosis. The immunohistochemical study was performed with SRY-related HMG-box gene 10 (SOX10) (1:50 dilution, polyclonal, Cell Marque; Sigma-Aldrich Co), MITF-1 (clone C5/ D5, prediluted; Ventana Medical Systems Inc), and melan-A (1:50 dilution, clone A103; Dako); the latter was combined with Ki-67 stain. CD1a (1:20 dilution, clone MTB1; Leica Biosystems) was used to reveal Langerhans cells in select cases for better
Key Points
Question Is reflectance confocal microscopy reliable enough to discern benign from malignant facial lesions when clear-cut dermoscopic criteria of lentigo maligna are absent? Findings This study of 61 patients with 75 facial locations (63 pigmented macules and 12 control photodamaged skin) demonstrated that reflectance confocal microscopy enhances the diagnosis of ambiguous pigmented facial macules with high sensitivity (91.7%) and specificity (86.8%). Most diagnostic confocal features had a dermoscopic, histopathologic, and immunohistochemical correlation.
Meaning Reflectance confocal microscopy improves lentigo maligna diagnosis. False-positive findings obtained with reflectance confocal microscopy in photodamaged skin are due to the presence of basal melanocyte hyperplasia and intraepidermal Langerhans cells.
characterization of RCM parameters. The detection system used was Liquid DAB+Substrate (K3468 Chromogen system; Dako; Denmark), except for melan-A, which was revealed with permanent red (Dako). Positive controls were included in each session.
The density of melanocytes in the basal layer and the number of positive intraepidermal cells (pagetoid spreading) were assessed in hematoxylin-eosin (H&E) sections and with melan-A, MITF, and SOX10. They were assessed by counting the number of labeled cells over 1 mm of basal layer.
Statistical Analysis
In and 39 (62%) non-LM/LMM (3 melanocytic nevi, 1 blue nevus, 9 dermal pigmentations, 9 pigmented actinic keratoses, 7 solar lentigines, 5 seborrheic keratoses, 4 pigmented basal cell carcinomas, and 1 lichen planuslike keratosis). All lesions were located on sunexposed areas, including the cheek (27), nose (12), forehead (11), eyelid (5), scalp (4), neck (3), or lip (1). In our series, 27 lesions were completely excised (18 LM/LMM, 4 pigmented basal cell carcinomas, 4 nevi, and 1 seborrheic keratosis); 4 were treated with radiotherapy (4 LM), 4 with topical immunotherapy (2 pigmented actinic keratoses and 2 LM), 5 with cryotherapy (5 pigmented actinic keratoses), and 23 as "wait and see" (4 seborrheic keratoses, 9 dermal pigmentations, 2 pigmented actinic keratoses, 7 solar lentigines, and 1 lichen planuslike keratosis). The time of follow-up for "wait-and-see" patients and patients treated with radiotherapy, topical immunotherapy, or cryotherapy varied from 18 months to 7 years.
Results
Clinical Findings
Dermoscopic Findings
The pattern most often observed in LM/LMM was pigmented rhomboidal structures, followed by asymmetric pigmented follicular openings and targetlike structures (Table) . Fifty-six of 63 (89%) ambiguous PFMs had at least 1 criterion for LM diagnosis. 1, 5 Thirty-two (82%) of non-LM/LMM lesions had at least 1 criterion suggestive of LM; the most frequent was the increased density of the vascular network and the annulargranular pattern (Table) . (Table) .
RCM Findings
The more frequent criteria observed in LM/LMM were the presence of atypical cells at the DEJ; round, large pagetoid cells (intraepidermal cells); and follicular localization of atypical cells. Nonedged papilla, nucleated cells in papilla, and epidermal disarray were also associated with LM/LMM (Table) . The presence of intraepidermal dendritic cells was a common finding in both non-LM/LMM and LM/LMM. Epidermal cords or bulbous projections and edged papilla were RCM features of benignity (protective criteria Figure 1 and eFigure 2 in the Supplement, respectively. According to the Guitera algorithm, we obtained 5 falsepositive (FP) and 2 false-negative (FN) results. All FP results presented abundant dendritic pagetoid cells (Figure 2 ), 4 lesions had round, large pagetoid cells, and 3 exhibited atypical cells at the DEJ. Two FP results corresponded to postradiotherapy pigmentation. Lesions with FP results have not recurred after 5 to 7 years of follow-up. Regarding FN cases, 1 case was an incipient lesion that had been previously biopsied and the other was a PFM on the cheek previously treated with multiple cycles of cryotherapy. The latter lesion exhibited the so-called medusahead-like structures at the DEJ (Figure 3 ), described by Gonzalez et al, 21 that were not considered in the algorithm but could have been a clue for a correct diagnosis. This finding was not observed in any other case of the study.
No control case showed RCM criteria suggestive of LM. However, in some cases, mild to moderate degrees of epidermal disarray were present.
Histopathologic and Immunohistochemical Findings
Histopathologic criteria that allowed us to differentiate benign PFMs from LM included basal melanocytic hyperplasia, atypia of melanocytes, perifollicular location of melanocytes, and pagetoid melanocytes (Table) . Continuous proliferation of atypical melanocytes was found in 21 (88%) LM/LMM and 3 (77%) non-LM/LMM lesions. The presence of junctional melanocytic nests was observed in 16 of 24 (67%) LM/LMM vs 2 of 39 (0.05%) non-LM/LMM lesions (P < .001). The 2 non-LM/LMM lesions with melanocytic nests corresponded to melanocytic nevi without atypical melanocytes. Quantitative analysis of immunohistochemical markers showed statistically significant differences in the count of basal melanocytes per 1 mm of basal layer (melanocyte density) and in the count of intraepithelial melanocytes (pagetoid spreading) between non-LM/LMM and LM/ LMM with the 3 immunostains (melan-A, MITF, and SOX10) (Table) . Pearson correlation coefficients between the different stainings were higher than 0.8, with the better correlation being between melan-A and MITF, with values of 0.884 (P =.02)in basal melanocytes and 0.921 (P < .001) in pagetoid cells. In malignant lesions, melan-A labeled higher numbers of basal melanocytes compared with MITF (t =4.14 9;P < .001) and SOX10 (t = 2.295; P = .03), whereas MITF and SOX10 had similar findings (t = 0.788; P = .44). No significant difference was found among benign lesions in the positivity of basal melanocytes with the different immunostains. The 12 control photodamaged areas were diagnosed as compatible with sun-damaged skin.
Correlation Between Techniques
Dermoscopy-RCM Pigmented rhomboidal structures in dermoscopy correlated well with round, large pagetoid cells (κ = 0.444, P < .001) and 
RCM-Histopathology and Immunohistochemistry
Among the RCM criteria, round, large pagetoid cells correlated with pagetoid spread (κ = 0.370, P < .001) and junction nests (κ = 0.550, P < .001) in the histopathologic study ( Figure 4 ). With t test analysis, the presence of round, large intraepidermal cells by RCM was also associated with a higher average of immunostained pagetoid cells, but not with the H&E pagetoid cell count. The presence of 3 or more atypical cells at the DEJ by RCM correlated with nests of melanocytes (κ = 0.509, P < .001), hyperplasia of melanocytes in H&E sections (κ = 0.422, 
Discussion
In this study, we found that the criteria of Stolz results, achieving 100% sensitivity and 71% specificity. The authors attributed the observed FP results to the presence of actinically damaged skin. In the present study, the 5 FP results were due to the presence of round, large pagetoid cells and/or atypical cells in the basal layer. Histopathologic and immunohistochemical analysis confirmed that intraepidermal cells present in some benign lesions corresponded to CD1a-positive Langerhans cells. In 2 FP cases, the confounding confocal findings were due to postradiotherapy changes inducing both basal melanocyte hyperplasia and intraepidermal Langerhans cells.
The most frequently observed confocal feature in LM/LMM lesions was the presence of atypical cells in the basal layer (19 of 24 [79%] cases), which is also a histologic criterion for LM. However, this confocal feature was also present in nearly a quarter (9 of 39 [23%]) of benign PFMs. These atypical basal cells were almost always of dendritic morphology on RCM and corresponded with basal melanocytic hyperplasia on histopathologic examination. These cells tended to coalesce and had histologic atypia in LM. Some benign lesions in photodamaged skin may also exhibit melanocytic hyperplasia that, in some cases, can be marked and appear as dendritic cells at the DEJ (>3 per field/500 μm) in RCM. Moreover, melanocytic hyperplasia can sometimes present atypia, especially after sun exposure or treatment with radiotherapy. In this situation, we would have an FP result on RCM. In our study, nonlesional control sites did not show confocal findings that could lead to misdiagnosing LM, and the density of basal melanocytes in control sites was lower than in non-LM/LMM lesions, but the difference was significant only with melan-A.
The confluence of atypical basal melanocytes corresponded on dermoscopy with pigmented rhomboidal structures and asymmetric pigmented follicular openings. The correspondence between dermoscopic and confocal findings in PFM has recently been explored by de Carvalho et al, 13 with similar findings. Another important confocal feature in LM is the presence of round, large pagetoid cells observed in 16 LM/LMM lesions. The visualization of intraepithelial cells is also common in benign lesions in photodamaged skin, but they usually have a dendritic morphology. As we have demonstrated in our study, these cells correspond to Langerhans cells that are especially common in inflamed lesions or after treatments, such as cryotherapy, topical immunotherapy, 22, 23 or radiotherapy, 24 and exhibit a similar morphology and reflectance to melanocytes; these results raise reasonable doubts and confusion with LM. As described in the literature, Langerhans cells may also appear in an inflamed nevus or eczematous nevus of Meyerson. 25 We did not observe dendritic intraepidermal cells in nonlesional sun-damaged skin.
In the histopathologic analysis, we identified 6 statistically significant criteria that may help to differentiate LM/LMM from benign lesions. However, in clinical practice, immunohistochemical evaluation of melanocytic lesions is a useful additional tool in the diagnosis of PFMs. Melan-A staining is the most used in the diagnosis of melanocytic lesions. Notwithstanding, some authors have questioned its usefulness in photodamaged skin in the differential diagnosis of melanoma, since healthy skin, solar lentigines, and actinic keratoses may present a significant number of cells stained with melan-A. 16, 17 In this sense, some studies have investigated the role of newer nuclear markers, such as MITF 18, 19 and SOX10, 20 in the diagnosis of melanocytic intraepithelial lesions. Two studies showed MITF to be more specific than melan-A for diagnosing LM, but SOX10 had a lower sensitivity. 19, 20 In our work, we have demonstrated that malignant lesions have a significantly higher number of basal and intraepidermal melanocytes than benign lesions. In addition, round, large intraepidermal cells observed on RCM examination correlated with pagetoid proliferation demonstrated by immunostaining but not by H&E staining. Thus, the performance of immunostains could be recommended at least when confocal examination shows round, large intraepidermal cells. The correlation between the 3 stainings was very good, but labeling with melan-A was slightly higher than with MITF and SOX10 in malignant lesions. In benign lesions, melan-A, MITF, and SOX10 markers stained very similarly. Melan-A, MITF, and SOX10 were more sensitive than H&E in the detection of melanocytes and can help in some cases to demonstrate the melanocytic hyperplasia of LM/LMM. In this regard, and in accordance with previous studies, melan-A could overestimate the number of melanocytes compared with MITF and SOX10. [18] [19] [20] However, in our study, these differences were statistically significant only in the group of malignant lesions, probably owing to a higher density of melanocytes in these sort of lesions. 
